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I. TIJTRODUCTORY AND HISTORICAL 
Spectroscopy, though it has its fo~dations in the experi-
ments of Newton respecting the nature of light, is a r elatively 
new science. Modern spectroscopy has come a long way since. 
It has found many and varied uses and has given the knowledge 
on which the super-structure of modern physics has been erected. 
No singl e tool has contributed more to this progress than the 
diffraction grating. The ~eflection grating with 60,000 to 
180,000 lines on an optical surface of six inches, has extended 
our knowledge of line and band spectra and consequently of the 
structure of atoms and molecules. Several hundred gratings 
have been ruled in the past sixty-five years but still there is 
a large demand for better gratings which shall have resolving 
powers ranging from 100,000 to 400,000''l-_.- Scientists not only 
want gratings of the type already produced but also those of 
higher resolving power. Indeed progress in high resolution 
spectroscopy seems to have been halted for lack of them. For 
work on Zeeman effect, on hyperfine and nuclear structure of 
spectral lines and on the classification o~ atomic and molecu-
lar spectra, spectrographs with broad spectral cover age in a 
single exposure, are urgently needed. 
The first diffraction grating of the transmission type seems 
to have been produced by Rittenhouse in 1785 with 53 slits on 
* Dean Harrison has aimed at l,ooo,ooo. 
one-half inch. The first real work was done by Fraunhofer who 
obtained 4,000 lines on one-half inch. As mechanical tools 
hav~ improved, the production of gratings has also i mproved. 
The first gratings were weak in intensity and low in resolution, 
but modern gratings have resolution which would have astounded 
the pioneer. 
This great advance may be attributed to a few men such as 
Rowland at Johns Hopkins and his successors Wood and Strong, 
an~ &nderson and Perry; A. A. Michaelson and Stratton at the 
University of Chicago and Babcock at the Mount Wilson Observa-
tory. These three represent the only source of the six-inch 
and larger gratings, though of course ruling engines for smaller 
gratings exist both in this country and abroad such as at the 
National Physical Laboratories at Teddington (London), the 
National Standards Laboratory at Sydney, Baird Associates in 
Cambridge, 1Jassachusetts, and in laboratories in Europe. These 
latter are able to supply gratings with ruled widths of, and 
up to, three and a half inches. In addition to the above, there 
are a number of' ruling engines under construction such as at 
the Bausch and Lomb Optical Company, Rochester, New York, and 
the Massachusetts Institute of Technology, Cambridge, Hassachusetts. 
These latter are not in a position to supply any gratings yet. 
First rulings have been made, but they are still in an experi-
mental stage. 
2 
II . THE ECHELLE THE DESIGN 
The resolving power of a grating is given by the expression: 
R : l:., = Nm 
d.\ 
Where d ~is the wave length difference between two lines that 
can just be resolved, ~ is the wave length of one of these lines, 
N the number of grooves and m the order of the interference pattern 
used. Also if d is the thickness of a groove and ~ and y are the 
angles of incidence and reflection (refraction) respectively, 
then: 
ID A = d(sin~ - sin ~ ) 
= 
! (sin ~ - sin p ) N 
0 Nm 
= 
! (sin rJ, - sin ~ ) H = 
'A 
This is seen to be a maximum when: 
sin ~- sin~ = 2 
or R = ..6_ = Nm = 2W 
d t\ ~ 
From this analysis it is apparent that the resolving power for 
light of a given wave length is a function of the ruled width, 
and would seem to be about 600,000 for one of the best gratings 
e.g., of 6 11 ruled width, for visible radiations. 
Thus the problem of spectroscopy must be to secure resolu-
tions higher than these. The reason the problem has not been 
solved lies mainly in the delicacy of the opera tions necessary 
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to produce a grating. Some of these may be mentioned: the ex-
treme accuracy of the screw which moves the stylus forward , the 
variations of temperature , the lubrication itself. These are 
some of the elements which result in imperfect gratings which 
give rise to spurious lines known as ghosts. Ghosts are listed 
in categories after the men who studied them. (1) Rowland ghosts 
are produced by periodic errors in the screw that moves the 
diamond stylus and (2) Lyman ghosts are associated with irregu-
larities in the drive of the ruling engine such as the belt. 
In high frequency spectroscopy, lines must be resolved which 
are separated by less than 0.025R. Since the six-inch gratings 
do not have this resolution, recourse must be had to interfere-
meters. Several types have been developed . 
Michaelson introduced a new concept in spectroscopy by in-
creasing the order of the spectrum, which had to be very large, 
as opposed to the very large number of grooves in the grating. 
The order of the spectrum was measured by the path difference. 
I I 
If the path difference can be made 10,000 wave lengths we have 
a spectrum of order m = 10 ,000~ This is easily eff ected by the 
retardation of light as it passes .through glass. A plate was 
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cut into strips which were arranged as shown on page 4. Retarda-
tion ina passage of l em would be about 10,000 wave lengths. With 
30 strips that would give 300,000 as resolvi!lg power. With "2 em" 
thick strips, resolution would be 600,000. This also has the 
advantage of thrmving all the light into one or two orders, thus 
making for greater illumination. 'l'his apparatus is called an 
echelon. !vlichaelson first envisaged this in the reflection form 
but could not overcome the practical difficulties. His plans 
were realized by Williams in 1931. 
The echelette was developed by Wood at Johns Hopkins. This 
consists of a ruled coarse grating with approximately 1000 or 
2000 grooves to the inch. The important feature in the echelette 
was that the groove was shaped so as to throw the light in any 
one order. These have been mainly used in infra-red spectroscopy. 
i 
The etalon was developed by Fabry .and Perot in 1897. It 
I 
consists of t wo partially reflecting plane surfaces. The beam 
is partially transmitted 
L 
s 
and forms an 
Screen 
Slit 
interference pattern. The fringes are formed circular but seen 
through the slit they are seen as squares, the slit being on the 
diameter of the fringe pattern. 
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The Lummer-Gehreke Plate was introduced by Lummer in 1903 
and was improved by Lummer and Gehreke in its present form. 
Light enters the plate at an angle and is reflected and trans-
mitted. The reflected beam is reflected again and again and 
these beams into the air form diffraction patterns. 
Dean George R. Harrison of the Massachusetts Institute of 
Technology has under construction a grating-cum-echelon which 
has been dubbed the "echelle", This is in principle an echelon 
of the reflecting type, the path difference and hence the order 
of the spectrum is reduced from 20,000 to one thousand (1000) 
but the number of elements -e.g., grooves, which give this 
separation and the number of reflecting surfaces is increased 
to 1000 (or even more), thus giving an effective resolution of 
1,000,000 (or more). Since the ruling will be coarser, the 
difficulties should be less insurmountable, as the number of 
ruled grooves has been reduced from 15,000 or 30,000 to 1000 
(or more) . 
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From an examination of the equation for resolving power, it 
is seen that N, the number of grooves might be any convenient 
figure. However, if m becomes too large, there may be an over-
lapping of orders. Hence we should consider the importance of 
free spectral range. This quantity depends on the optical path 
difference between two successive interfering beams, i.e., on 
2t in the figure on page 6, from which we find: 
m = 2t 
"A 
The reflection echelon produced by Williams, for practical 
reasons, was limited to 40 steps, each about 7 mm deep and l mm 
. 0 
wide, giving the order of interference at A = 5000 A as 28,000 
and R = 1,120,000. But the spectral range is only 0.18 R or 
0.72 cm-1 , which causes much overlapping. 
Thus, for the consideration of a design for an echelle, it 
is desirable to establish a satisfactory minimum free spectral 
range. Zeeman patterns in fields of 100,000 Gauss or less 
spread over about ten wave numbers while other hyperfine patterns 
are even narrower. Free spectral range sufficient to eliminate 
overlapping orders would appea;~to be 20 cm-1 or 20 R at 10,000 R 
and 5 R at 5,000 R which, when substituted in the equation above, 
gives as the value of t - 0.25 mm. The order then would be 
m = 1,000 at ~= 5000 R and the resolving power, with 1000 grooves, 
would be 1,000,000. 
-lf- Harrison, Journal of Opt. Soc. of Amer., Vol. 39, No. 7, p. S23 
7 
Another consideration is the space which high resolution 
systems need. A large grating may require a room 35 to 60 ft 
square which must be completely controlled for vibrations as 
well as temperatures. Also the length of the photographic film 
has been calculated to be in the neighborhood of 60 ft. An 
echelle of the type envisaged would increase the intensity and 
give higher resolution in a smaller space (when crossed with a 
grating). 
III. THE PRODUCTION OF THE ECHELLE 
It is the object of this paper to investigate a means of 
constructing an echelle of the type discussed in these pages 
and to devise a method which will do away with the necessity 
of a costly ruling engine. 
One of the alternatives to ruline that suggests itself 
is strips of glass which would correspond to the Williams 
design. As suggested above , the practical limit has been set 
at about 40 steps. Strips could not be thin enough for our 
purpose without being too thin to handle and be given an opti-
cal finish . 
Since the glass is unsuitable, we turn to metal strips. 
An excellent reason for this choice is the availability in the 
open market of shim stock which is of the requisite thickness -
( ~05 mm to 1 mm) obtainable in the open market. In addition, 
there is a choice between shims of brass and steel. Brass was 
preferred because of its workability and the ease with which 
8 
it can be silvered or aluminized. Another consideration was 
the possible spring-like qualities of hardened steel. 
For an ex.perj_'Ilental echelle, shims of a thickness of O.OOl't 
were selected. The choice was arbitrary and determined more by 
accident and circumstance than deliberation. The stock was cut 
into 500 pieces, each about t wo inches in length. The pieces 
were washed in Zylol to remove grit and grease which might 
cause the shims to adhere to one another. The shims were then 
clamped together having solidbrass retainers one half of an 
inch thick on either side. See Plate VIla. 
After the shims were clamped, _ a hole was bored through the 
center. This hole was cleaned to remove particles of metal 
and burrs and the whole was bolted together as above . See 
Plate Ia. 
The next step was to square the echelle and to give it as 
smooth a surface as possible. This was done by cutting off 
the sides with a mill cutter. This was unfortunately a mis-
take and responsible for tha great length of time spent on the 
project. Some of the surfaces were worse than others and a 
diagram of one of the worst ones is given on the followi:r,.g 
page . 
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The Echelle as it Looked Before Grinding 
Plate Ia 
The Echelle Shovving the Fringe Pattern on 
Completion 
Note that the pattern breaks at the shims , which 
suggests considerable difference in the two sur-
faces . Also note the fine pattern along the edges 
as compared to the broader patterns nearer the center. 
Plate Ib 
a 
b 
Plate I 
10 
shims 
Note the semicircular traces of teeth. Though these marks 
were prominent, they did not, at the tline, suggest any great 
difficulty. See Plate IIa. 
These surfaces had to be ground, polished and given an 
optical finish. Also it was essential in view of the later 
stages of procedure, that the opposite surfaces be parallel. 
The method of grinding the surface was ver.J simple. A 
flat glass slab with near optical surface - known in the work 
shop as a tool, is mounted on a pin which causes it to spin at 
a slow rate. Moist grinding agent is smeared on the tool and 
the surface to be developed j_s worked back and forth. As it 
is pushed to and fro, the whole block should be occasionally 
turned so that all the edges have similar treatment, and not 
get distorted. 
The grinding agent employed was emery of grade 302 and 303. 
Since this is a fine grade of emery, the grinding was slow. It 
was expected that this oper ation would remove the rough serrated 
The Surface of the Echelle as it Appears Before 
Grinding 
One of the sh:Lms is seen to be deforemed more than its 
brethren. Note also the bric;ht streaks, these are the 
marks due to the teeth oft he mill cutter . 
Plate IIa 
Plate Shows Particles of Emery Embedded in the 
Echelle 
On exa..111ination it was found that this portion 
was the part containing the shims. 
Plz.t e Ilb 
a 
b 
Pl ate II 
surface and leave a plane surface which could be easily finished. 
But in this we were greatly disappointed as the heavy teeth 
marks refused to be ground out. 
To remove these heavy disfigurations, a coarse grade (202) 
of emery was employed. Though the grinding was done for only 
two minutes, we found that it was an unfortunate decision. 
The surface such as it had been was completely destroyed. On 
the other hand the j_nterval of "coarse" grinding was too short 
to remove all the marks of teeth from the cutter. Not only 
did the coarse grindine dest~oy the surface, such as it was, 
but it was found in subsequent grinding operations that the 
coarse emery had been deeply embedded in the soft metal and 
every stroke on the tool seemed to scratch the surface rather 
than to form it. 
Considerable time and energy were spent trying to wear the 
embedded grains out of the metal without much success. At 
this stage it was decided to take a drastic step and as a 
check, microphotographs were taken. A study of these (see 
Plates IIb and IIIa) revealed that the fine emery as well as 
the coarse emery were embedded. See Plate IIIb. Hence the 
surfaces were fine ground on a surface grinder. And now that 
the surface was free from emery it was decided not to use 
emery at all. 
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A Photograph of the Surface of the Echelle Shmti.ng 
the Relative Impregnation of the :Metal by the 
Emery 
There seems to be a clear cut line between the solid 
metal and the shims . The s hi ms by t heir l a ck of com-
pactness seem to invite the emery 
Plate IIIa 
Seeing that the shims were so hemrily charged in 
comparison to the metal it was thought that the 
space woul d show up in an edgeYrise picture. How-
ever the surface appears so continuous that it 
seems to be thoroughly impregnated <rl th the emery. 
Plate IIIb 
-L · 
a 
b 
Plat e I II 
= 
The next stage represents a great deal of t ime and effort 
with veF>J slow progress. The echelle was now treated with 
barnesite . A lap was made from pitch and grooves were cut 
into it so that they would hold the barnesite. These reti-
culated tools were used to wear off the excess metal and give 
a finish and polish t o t he echelle. 
,,. r-.. 
L !'. 
I \ 
I 
' 
\ J 
' 
II 
'\, 1/ 
........... :.-"" 
The Reti culated Lap 
Laps of different si zes were used. It was found that a lap 
large in comparison to the echelle rounded off the edges and 
so a small lap, about the same size as the echelle was used. 
The echelle was trued until the opposite sides were vnthin 
0.0003'1 of each other and the fringe pattern was satisfactory . 
The pattern is shovvn in Plate Ib. .lt is t o be borne in mind 
that only the central porti on is important, the two side par-
tions being merely the jaws of the clamp. 
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IV • STAGGERING 
The surface, though nearly optically flat and highly polished, 
was not such that reflection would be maximum. That no light 
-~~ 
losses might occur, the surface was silvered • We had two sur-
faces at our disposal. To determine whether to silver the sur-
face before giving the echelle its step-like shape, or after, 
one surface was silvered before the operation known as stagger-
ing and the second SliTface after the operation. 
We had feared that if the shims were staggered first and 
silvered afterwards, the silvering operation might fill in the 
steps and thus clog the echelle. As far as could be determined 
by an ex~~ination under microphotography, our fears turned out 
to be groundless. 
After the surface had been silvered, the shims had to be 
placed in steps. To take individual shims and arrange them 
with the accuracy demanded by the dimensions involved, seemed 
an impossible task and so was not attempted. However, it was 
seen that if the shims were placed on edge on an optical flat 
and the whole body of shims rotated vri th the fixed edge as a 
two dimensional axis, the success might be greater. 'l'o this 
end the clamp had to be loosened. 
~~ Here silvered is used loosely to signify g1v1ng a highly 
reflecting surface by metal deposit. Actually aluminum 
was used, which may prove more satisfactory as being less 
liable to tarnish. 
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But the bolt fit the hole so snugly that as long as it 
was in position, the shims would not separate. But we could 
not withdraw the bolt as laying a piece of shim on a flat it 
was found to have a curl. It became therefore necessary to 
design a housing for the echelle which would permit the with-
drawal of the bolt and yet hold the shims securely. But it 
had also to allow the shims to shift when desired. Such a 
housing design is shown in Plate IVa. This housing, while 
making it possible for shims to move in one direction, precludes 
the possibility of any motion in any other direction, and guides 
the shims. 
The housing consists of a flat almninum base with two up-
right supports the same height as the block itself. Two cross-
pieces were provided which could be screwed down on the supports. 
The echelle was put in position so that the screwhead went 
through the hole provided in the base of the platform. It 
was found that the bolt interfered with one of the cross bars, 
but one cross bar was sufficient to take care of the curl until 
the bolt could be removed and the second cross piece screwed 
into position. See Plate IVb and Va. 
Before actually applying force the echelle was placed on 
the flat and the screws holding the cross pieces were loosened. 
The force was applied to the platform as indicated diagram-
matically in Plate Vb. 
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The de sign of the housing v-rhi ch was made to con-
tain the e chelle Yrhen the central bolt vras re-
moved so that the s hims woul d r etain their respec-
tive positions . 
Plate IVa 
The echelle is now seen in the housing . The 
central bolt has been removed. The pillars on 
either side are designed to gui de the shims as 
they are displ a ced in subsequent operations . 
Plate IVb 
( 
,. 
""'J' 
! . 
-.::, --:--- -- - "! " :.. 
a 
b 
Plate I Y 
The Same Rear View 
Plate Va 
The Echelle on the Bed of the DJilling Machine 
Ready for the Shearing Force Vlhich Will Displace 
The Shims 
It was feared that the s l'lims would have a great 
deal of mutual cohesion and consequently a large 
force woul d be necessary to cause the displacement . 
I t was found that after the first operation the 
force necessary vras not unduly large. T'ne jagged 
teeth at the t op of the pictu re are merely to hold 
the pl atform back as the bed moves forward. Any 
other obstacle would have done e quall y well. 
Plate Vb 
a 
b 
Plate V 
E = Echelle 
P : Platform 
F = Optical Flat 
F 
The f irst results were disappointing as the echelle shi f ted 
i n f our blocks, the two end pieces and two blocks of s hi ms. 
The block was brought back to normal the force released and 
the above procedure repeated. There was a slight change in 
the hlock forma tion but not s atisfactory. (See Plate VIa.) 
The next step was to introduce a bolt, thinner than the 
original, into the hole. As the hole was narrow and the bolt 
had to be strong enough to withstand a certain amount of pres-
sure, it was necessary to take a fairly large bolt. To en-
sure largest possible stagger, the bolt was made such as to 
be free of the blocks. 
~--- metal bolt 
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The echeD_e has been staggered . Note the irregu-
larities. A close examination shovrs that the shims 
generally shifted in blocks and that the blocks do 
not have the same tbiclmess that is the number of 
shims in each block is different . 
Plate VIa 
This plate shovrs the echelle on the milling ma chine 
with t he rod vrhi ch staggered the shi.111S by holding 
them in position as the echelle mvings. 
Plate VIb 
.--
a 
b 
Plate VI 
To avoid the metal making direct contact with the shims, a 
rubber glove was placed on that part. The arrangement is 
shown diagrammatically. 
rubber glG>ve 
/1---1-------::::::;::::;- metal (solid) 
~~~~~~~~I 
shims 
See Plate VIb for arrangement on the bed of the milling machine. 
Now the force was applied. 
The first -attempt was not too successful, but was a ver~ 
great improvement over the previous effort. The arrangement 
of the shims is shown in Plates VIIa and VIIb. But as another-
view of the shims reveals the edge is jagged. The echelle was 
brought back to normal and the whole procedure repeated. The 
result though improved did not give the evenness of displace-
ment sought. 
The third stage was to remove the rubber glove and re-
peat the above procedure. The alignment was greatly im-
proved. But with this our experimentation came to an end, as 
the shims showed signs of damage in the bore. However the 
improvement was sufficient to warrant hope. See Plates VIIIa 
and VIIIb. 
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.Another view of the echelle after it had been 
staggered. Note that the shims do not all touch 
the Hat . The resulting echelle effect is irregular. 
Plate VIIa 
Head on picture of the echelle shovr.i.ng the 
irregular ~isplacement. 
Plate VIIb 
a 
b 
Plate VII 
The finished product . The model of the echelle 
showin8; the regular profile . 
Plate VIIIa 
The direct picture of the echelle shovdng tbe 
re~ular displacement of the shims - something 
that has been the objective of the experiment. 
Note also the multitude of scratches . We have 
had to fight against them throughout, but it 
seems that the repeated or~rations on the mill-
ing machine made for carelessness. 
Plate VIIIb 
a 
b 
Plato VIII 
V. SUMMARY OF RESULTS 
One important result is that metal shims can be polished 
to requisite degree. As the pitfalls due to the use of emery 
have already been pointed out, they need not be repeated here. 
The mill cutter is too rough and leaves tensions in the 
metal (Plates IIa and IXa) hence might be avoided, though I 
have no substitute in mind. On the whole, it seems that brass 
as a metal might be too soft and could he replaced by steel 
with profit, but an attempt should be made to remove the curl 
from the shim stock. 
There is a natural curl in the shim and a forced curl due 
to the method of stocking it in rolls. In case the use of 
comaercial shim is contemplated, the manufacturers might be 
persuaded to get pieces of the requisite size before the stock 
is rolled for stock. On the other hand, natural curl is some-
thing that might be annealed out. The pieces would have to be 
treated individually and the procedure might be as follows. 
The shim be heated and cooled gradually. As it rests on 
a suitable surface, a sharp blow might be given with flat press, 
which would cover the whole of the shim - an operation very 
siwilar to rubber stamping. 
For the grinding operation it is suggested that for best 
results, the echelle be circular in shape rather than cubical 
and have a border right around it. This vdll mean that the 
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border will t~ce up the defect leaving the central part, which 
contains the shims, relatively free. The device is shown 
diagrammatically. 
One of the crucial operations in the making of the echelle 
is the arranging of the shims in the proper order. This seems 
to loom large - so large that I feel that this one operation 
will many cases determine whether or not any step is justified 
or advisable. Something t hat we had not thought too deeply on 
was the thickness of the shims in the experimental block. If 
the shims used had been twice as thick, the staggering might 
have been easier - at least as far as the distortion of the 
shims due to direct pressure on them is concerned. 
Another thing to consider would be to use steel shims 
rather than brass, as steel is tougher. Though it would make 
the gri nding difficult, it might make the staggering easier. 
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Steel shims could also be handled magnetically. If the shims 
7 
were as in the heavy lines in the figure, and a powerful magnet 
brought close to them, then they could be attracted toward the 
magnet to line up against a given slope as indicated by dotted 
lines in the diagram. Whether or not it would be satisfactory, 
it remains to be seen. In principle it is sound, and on a 
small scale it did work when tried out in the laboratory. 
Another interesting method that was tried and abandoned 
was the following: A case was made such that a balloon was 
enclosed in it along with a ream of paper. The case was nailed 
down and air forced into the balloon. The balloon expanding 
could move in only one directi on - to force the paper against 
the inclined slope. Though there were many weak points in 
experimental procedure , yet we might have been expected one 
region where the sheets of paper moved according to the desired 
pattern. I am sorry to say we did not find any. 
balloon 
1 01~-------1!==/ i ~ge 
/ 
The dotted lines indicate the expected arrangement of the paper. 
This might, however be modified into something which might work. 
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That is to use a rubber cement on the shims at the balloon end. 
Remove the balloon and force air in at high pressure and on 
the other side extract the air, and the combination might force 
the shims forward. This assumes of course an air tight case. 
Two other methods have been considered - really two modi-
fications of the same method: To bend the shims over a curve. 
The first was to bend over an angle of the right magnitude to 
give the slope desired. But the bending is not angular except 
for a few sheets next to the angle, the further the shim from 
the angle join the more rounded it is. Hence we lose regu-
larity and uniformity. 
The modification is some other curve. One suggests itself as 
the circle but the ratio is fixed at 1t and not any that we 
may wish. Accepting 11'- as the desired ratio, we obtain an 
echelle of the form below. 
20 
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One more feature deserves mention: It was planned to 
aluminize the surface to be utilized to ensure greater intensity. 
HryNever there were two alternatives, both of w~ich seemed un-
satisfactory. The first was to silver the surface before the 
operation of "staggerinz" and risk the possibility of the sur-
face breaking differently from the shims. The second was to 
silver the surfaces after staggering and risk the 11 step11 filling 
up with the metal as illustrated below, or even filling in the 
"stagger" completely as in A and B • The test included 
the silvering of two surfaces, one before and one after, and 
an examination of the two surfaces. n was fm.md that either 
method was satisf actory. 
Pl at e IXa shows the stresses that exist in the body of 
t he shim. As the angle of shift is increased these stresses 
may l argely determine the contour of the shims. Consequently 
I would suggest that these be examined before proceeding fur-
ther in this study. 
Tlrls pictUl·e is included to illustrate the strains 
that are produced in the shim due to the action of 
the milling cutter . The surface is polished and 
from the direct picture no indication of the exis-
tance of these strains is noticeable . On stagger-
ing, part of the shim that was inside the block 
became visible and revealed the -r1aviness of the 
shims just inside the surface. 
Plate IXa 
A microphotograph of the surface of a brass shiln. 
This may be compared 1vit.h the surface impregnated 
·with the emery. In doing so it must be borne in 
mind that the magnification of t.lrls photograph is 
three times on Plate IIb ':'l'i th which it is intended 
that this should be compared. Tl1is shim was not 
subjected to the action of the cutter, hence does 
not show the stresses. 
a 
b 
Plate I X 
Abstract 
Dean George R. Harrison of the Massachusetts Institute 
of Technology has described the Echelle and a way to produce 
one in the traditional way, by making regular equidistant 
scratches on optical glass. This paper seeks to investigate 
the possibility of producing an echelle that will have the 
same scope and usefulness but will be cheaper in tools and 
time. The method described herein should, by its very sim-
plicity, be accessible to any laboratory interested in the 
production of high resolution apparatus. 
The method consists in taking a given number of pieces 
of commercial shim stock of the requisite thickness in a 
vice-like clamp. The shims together with the clamp take the 
shape of a rectangular block. The block is ground and polished 
in such a fashion that the opposite sides are optical flats 
and parallel. The shims are then staggered or given the 
appropriate shape so that the final echelle looks like a set 
of steps, with the polished edges acting as reflectors. 
Since the tools require no initial outlay to speak of, 
and no initial skill at all, the method should appeal to those 
laboratories which, while ambitious, are nevertheless nampered 
by a perennial shortage of funds. 
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